It is possible to make statistically significant comparative measurements of similar sections of subestuaries under conditions where the large natural variations would mask all but drastic changes in the systems if they were studied individually. The comparative study is proposed as a modification to the baseline study of a single system for the assessment of the effects of man's activities in an estuary. We have made temporally coincident measurements of phytoplankton production, standing crops and a range of physical and chemical parameters in comparable sections of the Rhode and West rivers and in an adjacent section of the Chesapeake Bay for the 3-year period [1970][1971][1972]. We analyzed the data for standing crops and demonstrated that at least at the trophic level of phytoplankton, the judicious application of a paired comparative sampling protocol to the Rhode and West rivers is superior to a study of either system alone. We calculate that the paired comparison sampling protocol requires approximately one tenth the sample size of the single-system sampling technique to achieve the same significance level.
Introduction
The ultimate goal of many estuarine studies is to identify relationships among the factors affecting the viability of the aquatic biota, particularly those species of economic, rccrcational or aesthetic importancc, in order to furnish a basis for most efficient utilization of the system. Suggestions can be made relative to the management of a a Contribution No. 775 of the McCollum-Pratt Institute, The Johns Hopkins University. Research supported by U. S. Atomic Energy Commission Contract AT(I I-1)3278 and National Science Foundation Grant GI-32110. The authors would like to thank Mrs. Catherine Eisner who has been the mainstay of our sampling program for her devoted efforts in helping us to collect these data. Thanks are due to Dr. R. Ballentine for suggestions and comments on the manuscript. portion of an ecosystem, i.e., whether or not to direct a chlorinated waste water discharge directly into a spawning area, or to place a cooling water intake in a nursery area. Very often this general knowledge of life-cycle relationships and psysiology can provide the proper advice and so avoid catastrophic consequences. However, where the cause and effect relationship is not so evident or when there is a set of complex trophic level interactions, a predictive model does not yet exist. This is due in part to the complexity of the life cycles of the predators of major importance (shellfish, finfish, crabs), in part to the complexity of the trophic interactions among all of the pelagic and benthic species, and in part to the large experimental variances of the natural systems, daily, seasonal and annual.
A major concern of our research program has been to study the natural phytoplankton community in a subestuary. We assume that the quantitative relationships among nutrients and nutrient turnover, salinity, temperature, turbidity, species selection and succession, predation and exchange with the bay can be determined. From these quantitative relationships it follows that specific parameters will emerge which can serve as diagnostic indicators of the physiological state and of the previous history and permit the prognosis of the stability of the phytoplankton community. These relationships should permit the prediction of the direction of changes in the community in reSponse to proposed nutrient, sediment or heat loading.
In the study of any natural system the experimenter may remove samples for study in the laboratory under controlled conditions. However, the natural system, with diverse community population is, at any time, the integral of all of the aperiodic climatic, biotic and chemical interactions that have occurred. Thus, experimental reproducibility in the natural system is very difficult to achieve. We are immediately faced with the problem of how to make statistically significant measurements in this variable system.
We have applied the following line of reasoning: Consider any given natural system on which measurements are to be made. The total measured variance will be composed of the variance associated with the "treatment" or the man-introduced stress whose effect it is desired to assess and the large natural variation of the system due to daily, seasonal and annual fluctuations in wind, tide, sunlight, rainfall, etc. In principle therefore a "before" and "after" baseline study of a single system will be subject to both of these sources of uncertainty and only "treatments" which produce sufficiently large mean differences (before minus after) can be assessed with any degree of statistical significance. A further complication exists because statistical parameters such as S. D., tests such as Chi Square, Student's t, F variance ratio, Chauvenet's Criterion and levels of significance have implicit in them the assumption that the data are normally distributed about their mean value. How then are we to assign levels of significance to differences in time averages of these quantities from one season to another or from one year to the next? This latter assignment is at the heart of the baseline study. It should be possible to choose a second system which is comparable (similar) to the first in its response to the natural fluctuations and differs from the first in the absence of the particular "treatment". Under these conditions it should be possible to analyze differences between the two systems and to remove the large natural variations from the statistical analysis. By virtue of the comparability of the systems, the expected value of the mean of the differences, properly normalized, should be zero. Non-homogeneities within the individual systems and their varying responses to localized meteorological changes in addition to measurement error will give rise to a normally distributed spread of difference values which is amenable to statistical analysis. The trick is to work with comparable systems. This is what we have done in the present paper. Our sampling protocol has included temporally coincident (1-2 hours) measurements of comparable sections of the Rhode and West rivers and of an adjacent section of the Chesapeake Bay on approximately a weekly basis for a three year period, 1970-1972 . We have asked the following questions: a) Are the mean differences of phytoplankton parameters measured in the Rhode and West rivers statistically significant (95% level of significance, Student's t)? b) How might it be possible to relate such statistically significant differences to man's activities in both systems? c) Might the technique be applied to follow more precisely an annual or seasonal trend in the change of one system with respect to another? d) By how much must the parameters in either of these subestuaries change, presumably as the result of a hypothetical perturbation to one system, in order that the mean differences may be considered statistically significant (95% level of significance, Student's t)? We have analyzed the data both by the comparative technique and by the baseline technique.
